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Summary 

Static force and moment tests of a 0.062-scale model 
of a hypersonic vehicle study concept known as the 
LoFLYTE™ 1 configuration were conducted in the Lan- 
gley 12-Foot Low-Speed Tunnel. These tests looked pri- 
marily at the low-speed static stability and control 
characteristics of this configuration. Data were obtained 
over an angle-of-attack range of -5° to 22° at sideslip 
angles that ranged between -10° and 10°. Supporting 
flow visualization tests were also conducted. 

Two primary concerns before the test were whether 
the configuration had adequate pitch control and ade- 
quate directional stability for low-speed operations. The 
tiperons were sized to provide enough pitch control to 
trim the vehicle to a = 16° with no more than 10° of sur- 
face deflection; however, there still was some concern 
about achieving this capability. The data obtained in this 
test showed that 10° of tiperon deflection was nearly suf- 
ficient to trim the configuration to the desired angle of 
attack. Because of the pitching-moment characteristics of 
the LoFLYTE™ configuration, there is a reasonably high 
level of unpowered trimmed lift at nominal takeoff and 
approach to landing angles of attack that should allow for 
acceptable takeoff and landing speeds for this vehicle. 

Initial evaluation of the directional stability charac- 
teristics of this configuration showed a significant insta- 
bility between a = 10° and about a = 18°. This test 
determined that the cause of this instability was the inter- 
action of the wing leading-edge vortex with the vertical 
tails. Moving the vertical tails either inboard or outboard 
from the baseline location eliminated this unfavorable 
interaction. The inboard location, however, is more 
desirable because it also places the tails in a position 
where they do not interfere with the tiperons. This loca- 
tion allows for the lower portion of the rudder to be 
extended (the baseline rudders have a cutout to allow a 
full 30° of tiperon deflection) and for the vertical tails to 
be moved farther aft, thus resulting in an additional 
increase in rudder power. 

Introduction 

The quest for faster and faster airplanes has been a 
driving force in aeronautics since the Wright brothers’ 
first flight at the turn of the century. Man has always rec- 
ognized the military and commercial benefits of decreas- 
ing the time it takes to travel between two points, and air 
travel has always offered the most potential for improve- 
ments in the time-distance equation. Efforts to develop a 
single-stage- to-orbit vehicle during the 1980’s rekindled 

trademark of Accurate Automation Corporation, Chattanooga, 
Tennessee. 


investigations into airplanes that could travel at hyper- 
sonic speeds (Mach > 4). While the X-30 program was 
expected to leapfrog from vehicles capable of traveling 
two or three times the speed of sound to velocities in 
excess of Mach 1 5, it was understood that the technology 
for developing a more modest hypersonic vehicle that 
would travel at five to six times the speed of sound was 
imbedded in the X-30 program. Advances made in high- 
temperature materials, lightweight structures, and high 
thrust-to-weight ratio propulsion systems during the 
X-30 program have made modest hypersonic vehicles, 
such as the Mach 5.5 waverider of this study, not only 
feasible but practical (ref. 1). 

Waverider concepts have long been known to be 
very efficient cruising vehicles in terms of lift-to-drag 
ratio at their design Mach number (refs. 2 through 4). 
While these configurations are well suited for operation 
at design conditions, flying characteristics for off-design 
conditions, particularly at low speed, can become unde- 
sirable. The waverider-derived configuration of the 
present study is optimized for a Mach number of 5.5 
(ref. 1), and as with all configurations designed for 
hypersonic flight, it incorporates many highly swept 
surfaces. Both the wing and the vertical tail of this con- 
figuration are swept to 75°. The vortical flows that domi- 
nate the aerodynamics of such highly swept surfaces can 
result in complex and quickly changing flying character- 
istics at low-speed conditions. The present investigation 
was intended to document the low-speed aerodynamic 
characteristics of this configuration, with emphasis on 
static stability and control, and to understand the 
complex vortical interactions that dominate these 
characteristics. 


Symbols 

All data initially were obtained in the body-axis sys- 
tem. Longitudinal forces and moments are presented in 
the stability -axis system, and lateral -directional forces 
and moments are presented in the body-axis system. All 
aerodynamic moments were computed about a center-of- 
gravity location of 58 percent of the body length mea- 
sured from the nose of the fuselage. 


wing span, ft 
lift coefficient, 

qS 

... . Rolling moment 

rolling-moment coefficient, 

qSb 

. . . . Pitching moment 

pitching-moment coefficient, 

qSl 

rr . . Yawing moment 

yawing-moment coefficient, 

qSb 




. , ~ . Side force 

side-force coefficient, 

tr 

trimmed value (C m = 0) 

qS 

xw 

crosswind 


body axes moments of inertia, slugs-ft 2 

Abbreviations: 

L/D 

lift-to-drag ratio 

BW 

body with blended wing 

l 

body length, ft 

L 

left 

P 

body axes roll rate, rad/sec 

N 

engine nacelle 

Ps 

stability axes roll rate, rad/sec 

R 

right 

P 

roll-rate acceleration, rad/sec 2 

V 

vertical tails 

q 

pitch-rate acceleration, rad/sec 

WL 

waterline, in. 

q 

free-stream dynamic pressure, Ib/ft 2 

Model 



r body axes yaw rate, rad/sec 

r yaw rate acceleration, rad/sec 

S wing-body planform area, ft 

V free-stream velocity, knots 

W vehicle weight, lb 

X, Y , Z body axes 

a angle of attack, deg 

p angle of sideslip, deg 

A C t incremental rolling-moment coefficient 

A C m incremental pitching-moment coefficient 

A C n incremental yawing-moment coefficient 

A C Y incremental side-force coefficient 

8, tiperon deflection, positive trailing edge down, 

deg 

5 r rudder deflection, positive trailing edge left, 

deg 

Stability derivatives: 


The configuration tested is a 0.062- scale model of a 
hypersonic vehicle study concept called LoFLYTE™ 
(fig. 1). The configuration consists of blended wing- 
body, twin wing-mounted vertical tails, and an engine 
nacelle package located on the underside of the body. 
The model, 8.34 ft long with a 5.19-ft wing span, has an 
initial leading-edge sweep of 75.13°, which changes to 
65° along the leading edge of the tiperons. The tiperons, 
deflectable wingtips that also incorporate a more conven- 
tional trailing-edge surface, are used for both pitch and 
roll control. Each vertical tail has a leading-edge sweep 
of 75° and a full-height rudder with an aft-swept hing line 
of 26.6°. The baseline rudders have a cutout, or notch, at 
the bottom to allow a full 30° of tiperon deflection. In 
addition to the baseline position (fig. 1 (a)), four alternate 
vertical tail locations were tested: (1) 8 in. outboard of 
the baseline location, (2) 4 in. inboard of the baseline 
location, (3) a single centerline vertical tail, and (4) 4 in. 
inboard and 4 in. aft of the baseline location. For the 
fourth alternate vertical tail location, the notch in the rud- 
der was filled. The engine nacelle was a simple flow- 
through shell attached to the underside of the body. Geo- 
metric details of the model are given in table I. 


ac t 
S " ap 
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ap 

dCy 
Cy 3 = W 

ac t 
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% 
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ac t 
% = as, 

% 

- as, 


Subscripts: 





app approach 

o value at zero angle of atack 

TO takeoff 


Tests 

A photograph of the model and test setup is shown in 
figure 2. Tests were conducted in the Langley 12-Foot 
Low-Speed Tunnel at a dynamic pressure of 4 lb/ft 2 . This 
dynamic pressure corresponds to a Reynolds number of 
3.08 x 10 6 based on body length. Force and moment 
coefficients were obtained over an angle-of-attack range 
between -5° and 22° at sideslip angles of 0°, -4°, and 4°. 
Data obtained at sideslip angles of -4° and 4° were used 
to compute lateral-directional derivatives. Data were also 
obtained for some configurations over a sideslip angle 
range from -10° to 10° at selected angles of attack. 
Forces and moments were measured on an internal six- 
component strain-gauge balance. Standard corrections 
for wall interference and blockage, as described in 
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reference 5, as well as flow angularity corrections, were 
applied to the data. Although comparison with data 
obtained on the baseline configuration in the Langley 30- 
by 60-Foot Tunnel showed good agreement with the 
present test, studies have shown the potential for the 
model support system and the tunnel drive system to 
affect the breakdown of vortex flows over the model. 
Limited laser light-sheet flow visualization studies, 
although not shown, were also conducted to help inter- 
pret the force and moment data. 

Results 

Longitudinal Characteristics 

The effect of the configuration components on the 
longitudinal aerodynamic characteristics of the model are 
shown in figure 3. For the body-wing (BW) and the 
body- wing-nacelle (BWN) configurations, the influence 
of a strong leading-edge vortex can be seen in both the 
lift and pitching-moment coefficients. In lift, this influ- 
ence can be seen as a continuous increase in the lift-curve 
slope with increasing angle of attack above a = 4°. The 
effect on pitching moment is seen as a mild pitch-up that 
begins near the same angle of attack. Below a = 8°, both 
the tail-off (BW and BWN) and tail-on (BWV and 
BWNV) configurations have similar longitudinal charac- 
teristics. It is clear from both the force and moment data 
in figure 3 that the vertical tails interact with the leading- 
edge vortex system. This interaction is evidenced by the 
decrease in the lift-curve slope seen for the tail-on con- 
figurations at angles of attack above 8° and by distinct 
changes in pitch stability between a = 1 1° and a = 15°. 
Flow visualization studies also showed that the path of 
the leading-edge vortex was very close to the baseline 
vertical tail location. While the decrease in lift-curve 
slope was expected, the behavior in pitch was not typical 
for wing-mounted vertical tails on this type of configura- 


tion. Normally, wing-mounted vertical tails will cause 
the leading-edge vortex to burst prematurely, resulting in 
a severe pitch-up. For this configuration, however, addi- 
tion of the vertical tails results in an increase in pitch sta- 
bility before the unstable pitch-up. The reason for this 
behavior is not fully understood, but is believed to result 
from the load induced on the wing that is produced from 
the interaction of the wing leading-edge vortices with the 
vertical tails. Based on the span loading data presented in 
reference 6, and illustrated in sketch A, the following 
argument can be made: side loads on the vertical tails 
that are produced by the wing leading-edge vortices 
induce an upward load on the wing outboard of the verti- 
cal tails and a downward load inboard. Normally the 
downward load and the upward load would balance out; 
however, because of the presence of the fuselage, part of 
the downward load is directed laterally. The result is a 
net upload which produces the pitch-down moment seen 
in figure 3. Above a = 15°, the side load produced by the 
leading-edge vortices decreases as the vortices move far- 
ther from the vertical tails, and the pitching- moment 
curve again becomes unstable. 

The effectiveness of the tiperons for providing pitch 
control is presented in figure 4. The tiperons were sized 
to provide enough pitch control to trim the vehicle to 
a =16° with no more than 10° of surface deflection; 
however, there still was some concern about achieving 
this capability. As can be seen from the data, this goal 
was nearly achieved, as 12° of tiperon deflection is suffi- 
cient to trim the configuration to the desired angle of 
attack. Tiperon effectiveness does decrease for deflec- 
tions above 12°, however, and this reduced effectiveness 
may be a concern in generating sufficient nose-down 
pitch rates for recovery from angles of attack beyond 
15°. An analysis using representative weights and iner- 
tias for this type of vehicle (using approach- to- landing 
conditions) was therefore made to determine the 


Tail load caused by 
sideslip, rudder 
deflection, or vortices 



Induced loading 
on wing-body 


Sketch A 
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nosedown pitch-control requirements. Inertia values for 
the Space Shuttle orbiter (ref. 7) were used for this and 
other analyses as the orbiter’ s weight and size are reason- 
ably close to the LoFLYTE™ configuration’s landing 
configuration. Unless otherwise noted, the analyses pre- 
sented in this report are based on the values listed in 
table n. 

The pitch-control analysis used the criteria discussed 
in references 8 and 9 for relaxed pitch- stability configu- 
rations to determine the required level of nose-down 
pitching moment for satisfactory recovery response. The 
level of nose-down pitching moment required C m at a 
given angle of attack is 

r* = 
w qSl 

where the value of q is -0.08 rad/sec 2 . While this crite- 
rion was initially developed for stall and poststall angles 
of attack, the pitch-rate acceleration requirement for Mil- 
Spec class m vehicles (non-high-performance aircraft) is 
also applicable to noncritical pitch maneuvers at all 
angles of attack. The analysis was made for a trimmed 
condition at a = 15° (C L = 0.6). The available nose-down 
A C m = -0.022 (fig. 4). Based on the equation above, 
C* = -0.01 1 for landing weight. This result indicates 
that the present configuration would have satisfactory 
nose-down recovery characteristics in terms of handling 
qualities. 

Figure 5 shows the trimmed values of C L and L/D as 
well as the tiperon deflection required for trim that is 
based on the results shown in figure 4. Because of the 
pitching-moment characteristics of this configuration 
(neutral to unstable static margin and positive C m o ), the 
vehicle has a reasonably high level of unpowered 
trimmed C L at nominal takeoff and approach-to-landing 
conditions (a = 10°). As a result, takeoff speeds of 
263 knots are possible at full gross weight (551052 lb). If 
the lift component of thrust and the expected nose-up 
pitching moment caused by thrust were to be accounted 
for, the takeoff speed would be significantly less than 
263 knots. For approach-to-landing conditions, the 
approach speed for a nominal weight of 1 83 000 lb would 
be 151 knots. While this speed is somewhat high when 
compared with some conventional aircraft, it is a very 
reasonable speed for this vehicle class. (Shuttle orbiter 
landing speeds are in excess of 200 knots.) 

Lateral-Directional Characteristics 

The effect of the configuration components on 
lateral-directional aerodynamic characteristics is pre- 
sented in figure 6. As would be expected for a configura- 
tion with such a highly swept planform, the level of 
lateral stability increases with angle of attack to quite 


high values. These high levels of lateral stability may 
have an adverse impact on landing operations in cross- 
wind conditions. As can be seen at angles of attack above 
a = 14°, adding the vertical tails reduced lateral stability. 
Flow visualization studies indicated that at angles of 
attack near 14° the windward leading-edge vortex has 
moved very close to the outboard side of the windward 
vertical tail. At the same time, the leeward vortex has 
moved farther outboard but is still in proximity to the 
wing upper surface. The side load generated on the wind- 
ward vertical tail by the windward vortex, acting above 
the center of gravity of the configuration, and the upload 
on the wing outer panel generated by the leeward vortex 
would tend to reduce lateral stability. As angle of attack 
is increased, the vertical tails tend to force the leading- 
edge vortices to burst over the wing, which reduces lat- 
eral stability even further. 


Without the vertical tails, the configuration, as 
expected, was unstable directionally up to about a = 10°. 
Above these angles of attack, the wing-body exhibits sta- 
ble values of C n that appear to be caused by forces aft 


of the center of gravity ( C 


is increasingly negative). 


This type of behavior is usually associated with forebody 
vortical flows, although these usually produce forces on 
the forebody. Addition of the vertical tails generates a 
stable increment that results in stable directional charac- 
teristics up to a = 10°. Between a = 10° and a = 1 8°, the 
vertical tails decrease the stability of the configuration 
below that of the wing-body alone. It is not unusual for 
the interaction of the wing leading-edge vortex and the 
vertical tails to produce these directional characteristics. 
Beyond a = 18°, it appears that the wing-body 
directional-stability characteristics dominate the 
aerodynamics. 


Figure 7 presents the effectiveness of the tiperons for 
providing roll control. The tiperons, deflected asymmet- 
rically, do generate significant rolling moment, and the 
control effectiveness is fairly linear (that is, the change in 
moment versus control deflection is a linear function). 
Up to a = 10°, the levels of adverse yawing moment gen- 
erated by the tiperons are independent of control deflec- 
tions above ±12°. Beyond a = 10°, only the largest 
deflections increase adverse yawing moments signifi- 
cantly. These relatively large values for yawing moment 
caused by roll control are believed to be a result of an 
induced sidewash at the vertical tails. As theorized, this 
sidewash results from flow curling around the inboard 
portion of the wing along the streamwise cut between the 
wing and the tiperons and generates a positive sideslip at 
the vertical tails for a right roll-control input. 


In general, the levels of roll control would appear to 
be adequate; however, because of the high levels of static 
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lateral stability, a crosswind analysis, to be discussed 
later in this section, must be performed. This analysis 
also will require the rudder effectiveness data presented 
in figure 8. Like the tiperons, rudder effectiveness 
appears to be linear with control deflection. As would be 
expected, rudder power does decrease as angle of attack 
is increased beyond about 8°. This reduction may be a 
result of the large wing-body planform shielding the ver- 
tical tails and effectively reducing the dynamic pressure 
at the rudders. It is more likely, however, the result of a 
more complex interaction of the wing leading-edge vorti- 
ces with the vertical tails, which are heavily loaded 
because of rudder deflection. In this situation the 
leading-edge vortices are forced into an asymmetric posi- 
tion relative to the vertical tails, with the port side 
leading-edge vortex having the stronger influence for 
positive rudder deflections. This vortex arrangement pro- 
duces an incremental load on the vertical tails that 
opposes that caused by rudder deflection. Unlike the 
tiperons, however, deflection of the twin rudders pro- 
duces a favorable cross derivative (rolling moment 
caused by rudder deflection) for angles of attack below 
a - 13°. The flow physics here are similar to those dis- 
cussed previously in the Longitudinal Characteristics 
section in relation to the stabilizing effect the vertical 
tails had on pitching moment. (See sketch A.) In this case 
the side loads on the vertical tail that are caused by 
positive rudder deflection result in an induced wing load- 
ing that produces a negative increment to rolling 
moment. Because the wing is so large, this increment is 
greater than the positive rolling moment produced by 
forces on the vertical tail. The net result is a configura- 
tion with proverse rolling moment caused by rudder 
deflection. Consequently, rudder inputs will tend to be 
self-coordinating and will require less asymmetric 
tiperon deflection to make a coordinated turn. As will be 
discussed later in this section, this self-coordination will 
have a positive impact on the crosswind capabilities of 
this configuration because of the high levels of adverse 
yaw generated by the tiperons. 

Because approach to landing probably will be the 
most demanding low-speed flight phase for this vehicle, 
the conditions chosen for the crosswind and coordinated 
roll analyses were as follows: a = 10°, V = 151 knots, 
W ~ 183000 lb. The crosswind analysis involves solving 
the following set of simultaneous algebraic equations for 
8, and 8 r : 



The solution for these equations is shown in figure 9 
for a = 10°. In general, this type of vehicle must demon- 
strate the ability to land in a 30-knot crosswind. To trim 
out the sideslip generated by this crosswind and to align 
the vehicle with the runway centerline would require 22° 
of asymmetric tiperon and 1 3° of rudder deflection (by 
using control derivatives based on full-control deflec- 
tion). Because of the high levels of adverse yaw gener- 
ated by the tiperons, both the rudders and the tiperons are 
deflected positively for negative sideslip angles (trim- 
ming at sideslip usually requires the vehicle to be cross 
controlled). Obviously, the rudder requirement is reason- 
able, as only half the available control authority is used. 
The tiperon requirement, however, is more severe. When 
combined with the necessary symmetric tiperon deflec- 
tion for pitch trim (which reduces the available asymmet- 
ric deflection to 25°), one of the tiperons always will be 
deflected nearly to its limits at these conditions. These 
levels of control deflections will greatly reduce the nose- 
down pitch and roll-control margins available for maneu- 
vering and stability augmentation. A reduction in lateral 
stability or nonzero sideslip approaches are two potential 
solutions to this problem. 

While the ability to make a velocity vector roll in 
this vehicle may not be mandatory, it is desirable and the 
associated analysis does provide an indication of the rela- 
tive balance between roll and yaw control. By using the 
vehicle equations of motion, it is possible to develop a 
relationship between roll and yaw control so that a roll- 
ing maneuver can be made without generating any side- 
slip. Like the nose-down pitch-control analysis presented 
earlier, this analysis requires knowing the moments of 
inertia of the vehicle. As noted before, inertia values 
have been estimated by using the Shuttle orbiter data. 
Starting with the kinematic relation between a stability 
axis roll rate (with no yaw rate in the stability axes) and 
the body axes roll and yaw rates, 

p = p s cos a 

r - p s sin a 

and the relationship between rate acceleration and con- 
trol moments, 


C, 8 t qSb 



C 5 r qSb 

"5 r 



an approximate relationship between rudder and asym- 
metric tiperon deflection for a velocity vector roll can be 
developed when angle of attack is assumed to remain 
constant. This relationship is 
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This simplified analysis indicates that for roll 
maneuvers at a = 10°, 6.4° of rudder deflection would be 
needed for every 1° of asymmetric tiperon deflection. 
With a rudder deflection limit of 30°, this would mean 
that a velocity vector roll would be possible only for 
asymmetric tiperon deflections of less than 5°. As a 
result, if larger roll rates are desirable, a way to improve 
rudder power must be found. It should be noted, how- 
ever, that this analysis does not account for damping 
caused by velocity vector roll rate. If the damping terms 
are large, this analysis is only valid for the initiation of 
the rolling maneuver. 

Alternate Vertical Tail Configurations 

In order to address the two directional stability and 
control problem areas of poor rudder power and direc- 
tional instability between a = 10° and a = 18°, alternate 
locations for the vertical tails were investigated. Four 
additional geometries were evaluated: (1) 8 in. outboard 
of the baseline location, (2) 4 in. inboard of the baseline 
location, (3) a single centerline vertical tail, and (4) 4 in. 
inboard and 4 in. aft of the baseline location. The aerody- 
namic characteristics for the first three configurations are 
compared to the baseline tails in figure 10. Alternate tail 
locations had little impact on longitudinal characteristics 
below a = 10° (fig. 10(a)). Above this angle of attack, 
changes in both lift and pitching moment are indicative 
of changes in the way the vertical tail interacts with the 
wing leading-edge vortex system. The outboard tail loca- 
tion apparendy causes the leading-edge vortex to burst, 
which results in a pitch-up and in a reduction in the lift- 
curve slope. Flow visualization studies showed no vortex 
bursting for the inboard tail location although the behav- 
ior of the longitudinal data does show some pitch-up 
when compared with the centerline tail. 

As can be seen in both the lateral and directional data 
(fig. 10(b)), all three alternate geometries eliminated the 
adverse interaction between the wing leading-edge vor- 
tex and the vertical tails. While the outboard location 
provided the largest stabilizing increment, the level of 
directional stability associated with the inboard twin-tail 
location is adequate for this vehicle. The inboard location 
also allows for the tails to be moved farther aft and elim- 
inates any potential physical interference problem 
between the rudder and the tiperons, thus allowing the 
notch in the baseline rudder to be filled. The effect of the 
alternate tail locations on rudder power is presented in 
figure 10(c). The results of the alternate twin-tail loca- 


tions are mixed and indicate the complex nature of the 
interaction between the wing leading-edge vortex system 
and the vertical tails. Rudder power for the centerline 
tail, while well behaved, is greatly reduced because of 
the decrease in rudder volume for this configuration. 
This reduced rudder power is not surprising because the 
centerline tail was the same geometry as one of the base- 
line twin tails. 

Figure 1 1(a) shows that moving the tails aft had only 
a slight effect on lateral-directional stability, namely, by 
providing a small increase in the level of directional sta- 
bility. Note that the aft tail data were obtained with the 
rudder notch filled. There was, however, a significant 
increase in the effectiveness of the rudders for the aft tail 
location. Figure 11(b) compares the available rudder 
power for the forward and aft tail positions. Moving the 
tails aft and filling the rudder notch resulted in close to a 
50-percent increase in rudder power. This increase would 
allow velocity vector rolls with up to 8° of asymmetric 
tiperon deflection. While this increase is small, it may 
make the rolling performance of the LoFLYTE™ vehicle 
more acceptable. 

Concluding Remarks 

In general, the low-speed characteristics of the 
LoFLYTE™ configuration (Accurate Automation Cor- 
poration, Chattanooga, Tennessee) appear satisfactory. 
Because of the pitching-moment characteristics of this 
configuration (neutral to unstable static margin and posi- 
tive C^ 0 ), the vehicle has a reasonably high level of 
unpowered trimmed C L at nominal takeoff and approach - 
to-landing conditions (a = 10°). These levels of unpow- 
ered trimmed C L should allow for acceptable takeoff and 
landing speeds for this vehicle. Locating the vertical tails 
inboard of the baseline location improved a directional - 
stability problem between a = 10° and a = 18°. Lateral- 
directional stability and control characteristics are such 
that crosswind and velocity vector roll criteria can be 
met, although control saturation remains an issue in both 
cases. Reduction in static lateral stability or a modified 
approach-to-landing profile (i.e., a nonzero sideslip 
approach) would alleviate the saturation problem during 
crosswind landings. Higher levels of yaw control are 
necessary to address the issue of velocity vector rolls. 
Moving the vertical tails inboard and aft of the baseline 
location does improve rudder power; however, the 
increase in the roll-rate envelope is small. 

NASA Langley Research Center 
Hampton, VA 23681-0001 
January 8, 1997 
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Table I. Geometric Characteristics of LoFLYTE™ Model 


Overall length, ft 8.34 

Wing-body: 

Span, ft 5.19 

Area, ft 2 22.62 

Reference length, ft 8.34 

Aspect ratio 1.19 

Tip chord, ft 0.48 

Inboard leading-edge sweep, deg 75. 1 3 

Outboard leading-edge sweep, deg 65.00 

Trailing-edge sweep, deg -5.00 

Tiperon area (each), ft 2 1.14 

Baseline twin vertical tail: 

Span, ft 0.59 

Area (each), ft 2 0.87 

Root chord, ft 2.86 

Aspect ratio 0.40 

Leading-edge sweep, deg 75.00 

Rudder area (each), ft 2 0. 1 4 

Twin vertical tail with extended rudder: 

Span, ft 0.59 

Area (each), ft 2 1.03 

Root chord, ft 2.86 

Aspect ratio 0.34 

Leading-edge sweep, deg 75.00 

Rudder area (each), ft 2 0.30 

Centerline vertical tail: 

Span, ft 0.59 

Area (each), ft 2 0.87 

Root chord, ft 2.86 

Aspect ratio 0.40 

Leading-edge sweep, deg 75.00 

Rudder area (each), ft 2 0. 1 4 



Table II. Data Used for Analytical Calculations 
[Data for trimmed conditions at a = 10°; inertias are for landing weight of 183 000 lb] 


W J0 , lb . . . 

^landing’ ^ 
I x , slugs- ft 2 

fy SlllgS-ft 2 

Ip slugs-ft 2 

5, ft 2 

b, ft 

/, ft 

C L 

LID 

8 t , deg 


S' 

per deg. 

S' 

per deg . 

S' 

per deg 

s 

per deg. 

S' 

per deg 

S' 

r 

per deg 


. 551052 
. 183 000 
. 747424 
5682812 
5 800737 
. . . 5884 
. . . 83.7 
.. 134.5 
. . . 0.38 
.... 3.9 
.... 5.5 
. .00015 


-.003 


.00027 


-.0015 


-.00032 


-.00003 
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(b) Photograph of LoFLYTE™ model 
Figure 1 . Test configuration. All dimensions in feet unless otherwise noted. 



Figure 2. Photograph of test setup in Langley 12-Foot Low-Speed Tunnel. 
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5,, deg L/R 
! o -12/12 

- h- " □ -19/19 

O -30/30 





0 5 10 15 20 25 30 


Crosswind velocity, knots 

Figure 9. Crosswind landing-control requirements, a = 10°, V app =151 knots. 
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(b) Lateral-directional characteristics. 


Figure 10. Continued. 






Tail position 
o Forward 
□ Aft 
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